The effects of forebrain stimulation on the pulmonary vascular bed were investigated in the intact-chest cat under conditions of controlled blood flow and constant left atrial pressure. When pulmonary vascular tone was raised to a high steady level, direct electrical stimulation of the forebrain elicited a biphasic change in lobar arterial pressure. The response was characterized by an initial transient increase in lobar arterial pressure that was followed by a prolonged secondary decrease in pressure. When a delay coil was added to the extracorporeal perfusion circuit, the secondary vasodilator response was separated into initial brief and delayed prolonged components, suggesting that it was mediated in part by the release of a humoral factor. The entire response to forebrain stimulation was abolished by cervical cord section or freezing. The initial constrictor response and early brief dilator response were not blocked by classic pharmacological blocking agents. The delayed Immorally mediated vasodilator response was blocked by propranolol or ICI118551, indicating that it was mediated by a circulating factor with ft -stimulating properties. The delayed vasodilator response was associated with a large increase in arterial epinephrine levels, and this rise in plasma epinephrine was not altered by propranolol. The present data suggest that electrical stimulation of the forebrain causes a prolonged pulmonary vasodilator response that is mediated by way of a descending pathway, which results in a large rise in arterial epinephrine levels. (Circulation Research 1988;63:493-501) A lthough the pulmonary vascular bed is inner-L \ vated by both divisions of the autonomic A. \-nervous system and vasomotor responses to peripheral autonomic stimulation have been observed, little is known about the effects of stimulation of structures in the brain on the lesser circulation.'-6 It has been reported that electrical stimulation of the hypothalamic integrative area for the defense reaction caused small increases in calculated pulmonary vascular resistance and pulmonary blood flow in the open-chest cat. 7 In contrast, other investigators report that stimulation of the hypothalamic defense area stiffened large pulmonary arteries with little or no effect on pulmonary vascular resistance in the open-chest dog with constant flow perfusion. 8 Similarly, this effect had also been observed when the sympathetic nerves to the From the
lung at the level of the stellate ganglia were stimulated. 89 There are, however, no studies in the literature concerned with pulmonary vascular responses to forebrain stimulation in the intactchest cat. It is generally thought that the septal nuclei in the forebrain consist of a dorsal aspect, which includes the lateral septal nucleus, and a ventral aspect, which includes the medial septal nucleus. 10 Although the location of the tracts from these nuclei to the medullary area is not well established, it is generally believed that the dorsal aspect projects through the vertical limb of the Diagonal Band of Broca (DBB) to the medial preoptic-hypothalamic region and then to the habenula via the stria medullaris. The ventral aspect projects mainly through the horizontal limb of the DBB to the lateral preoptic-hypothalamic region by way of the Medial Forebrain Bundle and continues to the ventral tegmentum. 10 However, the final connections to the medullary centers remain obscure. The present study was undertaken to investigate pulmonary vascular responses to electrical stimulation of the DBB in the intact-chest cat under conditions of controlled pulmonary blood flow and constant left atrial pressure.
Materials and Methods
Experiments were performed in 41 adult cats of either sex weighing 3.1-4.3 kg. The animals were sedated with ketamine hydrochloride (10-15 mg/kg i.m.) and were anesthetized with pentobarbital sodium (30 mg/kg i.v.). They were strapped in the supine position to a Philips fluoroscopic table. The trachea was intubated with a cuffed pediatric endotracheal tube and the animals were ventilated with a Harvard respirator (model 613, South Natick, Massachusetts) at a volume of 12-15 ml/kg at a rate of 25 breaths/min with room air enriched with 100% O 2 . Spontaneous respiration was arrested with pancuronium bromide (0.1 mg/kg i.v.), and supplemental doses of the neuromuscular blocking agent and of pentobarbital were given as needed to maintain uniform levels of anesthesia and of neuromuscular blockade. Aortic pressure was measured with a catheter inserted from a femoral artery, and systemic injections were made into the inferior vena cava through a catheter inserted from a femoral vein.
For perfusion of the left lower lobe, a specially designed 6F triple-lumen balloon perfusion catheter was passed under fluoroscopic guidance from the left external jugular vein into the artery to the left lower lobe. Left atrial pressure was measured by way of a 6F double-lumen catheter passed transseptally into the vein draining the left lower lobe. The catheter tip was positioned so that the pressure port on the distal lumen was 1-2 cm into the vein and the second port was positioned in the lobar vein near the veno-atrial junction. With this large vein catheter, blood could be withdrawn or infused through distal lumen so that left atrial-large vein pressure could be maintained constant during forebrain stimulation. All vascular pressures were measured with Statham P23ID transducers (Gould, Cleveland, Ohio) zeroed at right atrial level, and mean pressures obtained by electronic averaging were recorded on a Grass recorder (model 7, Quincy, Massachusetts).
To distinguish direct responses from indirect ones, which could result from release of a circulating factor, the delay (volume) of the extracorporeal lobar perfusion circuit was increased. In the first series of experiments, the delay was 30-35 seconds and in the second series the delay time was extended to 90-95 seconds by increasing the tubing length (volume) on the inlet side of the Harvard model 1210 peristaltic pump.
After the cardiac catheterization procedures were completed and the perfusion and withdrawal catheters were flushed with heparin sodium, the head of the cat was positioned in a stereotaxic apparatus (H. Neuman & Co., Spokane, Illinois). The skin was incised and a burr hole was made in the skull. The animals were then heparinized (1,000 units/kg i.v.), and the lobar perfusion circuit was established. The lobar artery was isolated by distension of the balloon cuff on the perfusion catheter. The lung lobe was perfused by way of the catheter lumen beyond the balloon cuff with blood withdrawn from a femoral artery with a Harvard model 1210 peristaltic pump. The perfusion rate was adjusted so that lobar arterial perfusion pressure approximated mean pressure in the main pulmonary artery and was thereafter not changed during an experiment. The flow rate averaged 48 mlAnin. After lobar perfusion was established, the stimulating electrode, constructed of 0.78 mm diameter stainless steel wire and insulated with Insl-X except for a 0.5-mm tip, was positioned in the forebrain. The stereotaxic coordinates used to elicit the pulmonary vascular response were A= 16, L= 1.5, and D = -4 . " The vertical coordinate was established by gradually lowering the monopolar stimulating electrode into the brain until the stimulation site where the smallest current elicited a reproducible pulmonary vascular response was reached. Squarewave pulses were delivered with a Grass model SD9 stimulator with a pulse width of 0.25 msec, a frequency of 100 Hz and an intensity of 2-4 mA for periods of 30-40 seconds. An indifferent electrode was attached to scalp muscle.
In regard to experimental design, since only small inconsistent increases of 0.5-1 mm Hg were observed in response to forebrain stimulation under resting tone conditions with lobar arterial pressure at 10-14 mm Hg, all subsequent experiments were carried out under elevated pulmonary vascular tone conditions. Lobar arterial pressure was elevated by continuous intralobar infusion of U46619, 30-200 ng/min. Response to forebrain stimulation was also investigated in two cats in which lobar arterial pressure was increased with ventilatory hypoxia (10% O 2 in N2) and in three animals in which lobar arterial pressure increased spontaneously. In these five animals, responses to forebrain stimulation were similar when tone was increased spontaneously and when tone was elevated by hypoxia or by U46619.
In general, responses to forebrain stimulation were determined two to six times in an animal to ascertain if the response was reproducible with respect to time. In the first series of experiments in 12 cats, responses were obtained using a short, 30-35-second delay coil in the lobar arterial perfusion circuit. To distinguish direct from indirect effects resulting from release of a circulating factor, the delay was extended to 90-95 seconds by increasing the volume of the coil. In 31 animals, the delay coil was used and the vasodilator component of the response to forebrain stimulation was resolved into two components. Aortic blood was removed at the peak of the systemic arterial response. Arterial epinephrine levels were measured with a highperformance liquid chromatography (HPLC) system. For the analysis, 3 ml of aortic blood were collected in tubes containing 15 mg EDTA. The tubes were centrifuged for 15 minutes at 3,000 rpm at 4° C. The resulting plasma was deproteinized by vortexing with 150 /il of 4 M perchloric acid, and centrifuging for 20 minutes at 10,000 rpm at 4° C. The supernatant was extracted on acidified alumina oxide by the method of Goldstein et al. 12 Epinephrine recovery was 60%. The extracts were injected into an HPLC consisting of a C18 reverse-phase column and a glassy carbon electrode detector set at 600 mV. A 0.15 mM monochloroacetic acid mobile phase containing 0.22 mM octyl sodium sulfate and 2.0 mM EDTA solution, pH 3.0, was used. Epinephrine elution time was 9 minutes. Quantification of epinephrine levels was accomplished by comparison of peaks with authentic epinephrine standards.
At the end of each experiment the cats were killed with an overdose of intravenous pentobarbital and injection of 2 ml of a saturated potassium chloride solution. The brain was then removed and placed in a 10% formalin solution. After a 4-day fixation period, the brain was placed in a cryotome and 50-^.m slices were cut and examined to locate the tip of the stimulating electrode. In one cat in which the forebrain stimulation site was reconstructed, a DC lesioning current of 0.5 mA was passed for 10 seconds before killing the animal. The brain was removed and stored in a solution of 30% sucrose in buffered 10% formalin to facilitate cryoprotection. The brain was sectioned at 40 ^m using a freezing microtome, and the sections were collected in 0.1 M phosphate-buffered formalin. A one-in-three series of sections was mounted on gel-coated slices and stained with cresyl violet for the identification of architectonic boundaries. The electrode track and lesion were reconstructed with the aid of a projection microscope. The following blocking agents were used in these studies: sodium meclofenamate (Parke Davis, Morris Plains, New Jersey), propranolol (Ayerst, New York), ICI 118551 (Imperial Chemical Co.), [Sar'.Ile^-angiotensin II (Sigma Chemical, St. Louis, Missouri), atropine (Lilly, Indianapolis, Indiana), phentolamine (CIBA-Geigy), prazosin (Pfizer, New York), nalaxone (Endo), the V r V 2 vasopressin blocking agent d(CH2) 5 D-Try(Me)AVP, synthesized by Dr. M. Manning, 13 pyralamine (Sigma), cimetidine (Smith, Kline and French, Philadelphia, Pennsylvania), and renitidine (Glaxco). The antagonists were dissolved in physiologic saline solution.
Blood gases and pH were measured with an Instrumentation Laboratory model micro 13 or 713 analyzer and were in the normal range. All hemodynamic values are expressed in absolute terms as mean±SEM. Changes in aortic (systemic arterial) pressure which occurred in response to forebrain stimulation are only described in a qualitative manner because blood was withdrawn from or infused into the left atrium to maintain left atrial pressure constant. Changes in lobar arterial pressure were analyzed by the methods of Snedecor and Cochran 14 for paired or group comparison. A value of p<0.05 was used as the criterion for statistical significance.
Results
Direct electrical stimulation at sites in the forebrain illustrated in Figure 1 pressure, labeled C, which commenced 3-5 seconds after stimulation was started and reached a peak in 5-10 seconds ( Figure 2 ). This pressor component of the pulmonary vascular response was followed by a depressor response, labeled D, which started 20-25 seconds after stimulation began and persisted for 1-4 minutes before lobar arterial pressure returned to or near baseline value ( Figure 2) . In order to determine if the secondary dilator response (D) was directly or Immorally mediated, a delay coil was added to the perfusion circuit and records from an experiment illustrating the influence of the delay coil on the pulmonary vascular response to forebrain stimulation is shown in Figure 3 . In the experiments in which the delay coil was employed, the pressor component (C) was unchanged but the vasodilator response was resolved into two components, an early brief response, labeled Dl, which persisted for 30-50 seconds, followed by a longer secondary dilator response, labeled D2 ( Figure 3 ). The time of appearance and the duration of the secondary dilator response (D2) were related to the volume of the delay coil in the perfusion system. The magnitude of both pressor (C) and depressor responses with both short delay (D) and long delay (Dl and D2) circuits is summarized in Figure 4 . In 22 cats, an increase in aortic pressure occurred in response to forebrain stimulation, and in 12 animals, a secondary aortic depressor response was observed. In three of the animals, only a decrease in aortic pressure was observed, and in two cats, no change in aortic pressure was seen in response to forebrain stimulation. However, since blood was infused or withdrawn from the left atrial catheter to maintain left atrial pressure constant and cardiac output was not measured, aortic pressure responses were not analyzed in a quantitative manner.
In two cats, sectioning of the spinal cord in the cervical region completely blocked the changes in pulmonary lobar arterial pressure and in aortic pressure in response to forebrain stimulation. In one cat a similar blockade of pulmonary and aortic pressure changes was observed after the cervical spinal cord was rapidly frozen with dry ice.
The influence of /3-adrenergic blocking agents on the pulmonary vascular response to forebrain stimulation was investigated in seven animals with a long delay coil, and these data are summarized in Figure 5 . After treatment with propranolol (1-2.5 mg/kg i.v.) in five animals, or ICI118551 (0.5 and 1 mg/kg i.v.) in two animals, the secondary dilator response (D2) was abolished ( Figure 5 ). Neither the vasoconstrictor response (C) nor the initial dilator response (Dl) was influenced by the /3-receptor blocking agents ( Figure 5 ). The experiments with the ^-blocking agents suggest that the secondary vasodilator response (D2) was caused by activation of vascular beta receptors by a circulating factor with ^-adrenergic stimulating properties. Therefore, plasma epinephrine levels were measured in eight animals during the control period and during the maximal change in aortic pressure observed during forebrain stimulation with a long delay coil. Plasma epinephrine levels in aortic blood averaged 340 ±98 pg/ml during the control period and rose to 3,850±815 pg/ml during the period of forebrain stimulation ( Figure 6 ). The mean increase in aortic epinephrine levels was statistically significant (p<0.05).
It is possible that the /3-receptor blocking agents could block the secondary vasodilator response (D2) by altering the release of epinephrine caused by forebrain stimulation or by blocking /3 2adrenoceptors in the pulmonary vascular bed. In order to test these hypotheses, the effects of propranolol on the rises in plasma epinephrine levels were investigated in four other cats. In these animals the secondary dilator response to forebrain stimulation was blocked after administration of propranolol; however, the rise in arterial epinephrine level was not different from that observed in untreated animals ( Figure 6 ).
To ascertain the mechanisms involved in the vasoconstrictor (C) and early vasodilator (Dl) responses, the effects of a number of pharmacological blocking agents were investigated. Atropine (1 mg/kg i.v.) had no significant effect on the pulmonary vascular response (C and Dl) to forebrain stimulation (Table  1 ). This dose of atropine markedly decreased the vasodilator response to acetylcholine in the pulmonary vascular bed. The vasopressin V,-V 2 blocking agent, d(CH 2 ) 5 i>Try(Me)AVP when infused at 10-20 Mg/kg i.v., had no effect on C or Dl (Table 1 ). This concentration of the vasopressin blocking agent reduced the pressor response to arginine vasopressin in the pulmonary vascular bed and blocked the increase in aortic pressure in response to vasopressin. Sodium meclofenamate, a cyclooxygenase inhibitor (2.5 mg/kg i.v.), had no effect on the response to forebrain stimulation (C and Dl; Table 1 ). The effects of the histamine blocking agents, pyrilamine (Hi; 5 mg/kg i.v.), cimetidine (H 2 ; 2 mg/kg i.v.), and renitidine (H 2 ; 4 mg/kg i.v.) on the response to forebrain stimulation were investigated, and these data are summarized in Table 1 . One cat was treated with each of the three histamine receptor blocking agents, and these data were combined. Neither the H, nor H 2 histamine blocking agent had effects on C or Dl; however, the dose of the H, receptor blocking agent reduced pressor responses to histamine in the pulmonary circulation at low tone, and the doses of the H 2 blockers employed reduced dilator responses to histamine at high tone. In four animals, nalaxone (0.5 mg/kg i.v.) was investigated, and these data are presented in Table 1 . The opiate-receptor blocking agent had no effect on C or Dl. Saralasin, an angiotensin II-receptor blocking agent, had no effect on C or Dl when infused into the lobar artery at 60 jtg/min (Table 1) . That dose blocked the pulmonary vasopressor responses to angiotensin II.
The effects of phentolamine (2 mg/kg i.v.) and prazosin (0.1 mg/kg i.v.) (doses that blocked responses to phenylephrine) on the response to forebrain stimulation were investigated in five animals that had received propranolol. D2 was blocked by treatment of the 0-adrenergic blocking agent. In the three animals treated with phentolamine, a nonselective a-adrenoceptor blocking agent, and in the two animals treated with prazosin, an a r adrenoreceptor blocking agent, neither C nor Dl was altered (Table 1) ure 7. The stimulating electrode passed from the dorsal aspect ventrally through the anterior lateral gyms (area 7), the cingulate gyms, cingulum, corpus callosum, the lateral ventricle, the medial curvature of the head of the caudate, and the horizontal limb at the DBB. The center of the electrode penetration within the DBB is at the level of section 55 (Figure 7) , and the gliosis from the marker electrolytic lesion in this animal extended approximately 800 fim rostral and caudal to the position of the electrode tip. Thus, the rostral to caudal dimension of the lesion was calculated to be between 1.6 and 2.0 mm. In addition, the medial to lateral dimension of the lesion at the center of the electrode track was determined to be 2.0 mm.
The tip of the stimulating electrode was positioned within the horizontal limb of the DBB. Furthermore, the site of stimulation was within the most medial portion of the horizontal limb and encroached upon the genu of the DBB in sections 55 and 61 (Figures 7 and 8 ). In addition, the site of stimulation in the illustrated case is located within the most rostral portion of the DBB. Thus, the reconstruction of the lesion site and electrode penetration indicate that the pulmonary vascular responses to forebrain stimulation were elicited by direct electrical stimulation within the rostro-medial portion of the horizontal limb of DBB (Figures 7 and 8 ).
Discussion
Results of the present investigation under high pulmonary vascular tone conditions demonstrate that direct electrical stimulation of discrete areas in the forebrain in the DBB elicits a biphasic change in lobar arterial pressure. Inasmuch as blood flow to the lobe and left atrial pressure were maintained constant, the initial rise and subsequent fall in lobar pressure indicate that forebrain stimulation causes a vasoconstrictor response that is closely followed by vasodilatation. These responses to forebrain stimulation were entirely blocked by high cervical spinal cord section and by freezing of the cervical cord and suggest the presence of a pathway descending from the forebrain through the spinal cord that can regulate vasomotor tone in the pulmonary vascular bed.
The vasodilator response was subsequently separated into two components by employing a delay coil in the lobar perfusion circuit. With the delay coil in the circuit, the response to forebrain stimulation was composed of an initial constrictor component (C), an early brief dilator component (Dl), and a delayed dilator response (D2). The delay coil did not alter C or Dl; however, the time of onset of D2 was related to delay time (volume) of the perfusion circuit, suggesting that D2 was humorally mediated. The secondary dilator response, D2, was blocked by propranolol or the selective /^-receptor antagonist ICI 118,551, suggesting that D2 was mediated by activation of ft-adrenoceptors in the pulmonary vascular bed.
Epinephrine dilates the feline pulmonary vascular bed when vasoconstrictor tone is elevated to high steady levels, suggesting that this catecholamine could mediate the delayed response (D2) in the present study. 415 Analysis of arterial epinephrine levels showed that the delayed vasodilator response was associated with high arterial levels of this catecholamine and supports the hypothesis that D2 is mediated by epinephrine release. The blocking effects of the /J-receptor antagonists could result from an effect on /Sz-adrenoceptors in the pulmonary vascular bed or an effect on neurons in the pathway from the forebrain to the cells that release the epinephrine, presumably in the adrenal medulla. The finding that the rise in arterial epinephrine levels was not modified by propranolol supports the concept that the blockade of D2 by the /3-antagonist was due to an effect on ft-receptors in the pulmonary vascular bed. These data suggest that the sustained vasodilator response (D2) may represent a mechanism by which adrenal release of epinephrine may serve to protect the pulmonary vascular bed against the consequences of enhanced central nervous system stimulation, which can result from elevations in intracranial pressure, mechanical distortion of the brain, or cerebral ischemia and can cause large increases in aortic pressure and left ventricular overload. 1617 Although this mechanism may serve to protect the pulmonary vascular bed against the effects of elevated left ventricular afterload, its role in physiological situations has not yet been determined. It has been shown that elevations in intracranial pressure release adrenal catecholamines, which can alter pulmonary vascular resistance in the dog. 1819 Moreover, it has been reported that electrical stimulation of the anterio-ventral region of the third ventricle caused vasodilation in the hind limb vascular bed of the rat and that this response was mediated by both neuronally and humorally derived /J-adrenergic agonists. 20 In other studies, posterior hypothalamic stimulation was shown to release adrenal catecholamines. 2122 The results from these studies suggest that adrenomedullary mechanisms may play an appreciable role in cardiovascular responses elicited by stimulation of central nervous system structures. 20 -22 The present studies provide evidence in support of the hypothesis of Berecek and Brody 20 with regard to humorally released epinephrine and extend it to the pulmonary vascular bed.
The mechanism responsible for the initial vasoconstrictor response (C) and the earlier brief vasodilator response (Dl) is uncertain. These responses were blocked by spinal cord section or freezing of the spinal cord. However, they were not blocked by atropine, phentolamine, prazosin, meclofenamate, nalaxone, histamine blocking agents, or a vasopressin V,-V 2 receptor or the angiotensin II-receptor blocking agent. These data suggest that C and Dl were probably not mediated by a-or muscarinic receptor stimulation or the release of cyclooxygenase products, vasopressin, histamine, angiotensin II, endorphin, or enkephalin-like substances.
To ascertain that responses to forebrain stimulation were related to the high level of vascular tone rather than the agent used to elevate tone, responses to forebrain stimulation were also investigated in two cats in which lobar arterial pressure was increased with ventilatory hypoxia (10% O 2 in N2) and in three animals in which lobar arterial pressure increased spontaneously. In these five animals, pulmonary vascular responses to forebrain stimulation were similar to the responses observed when tone was elevated by intralobar infusion of U46619. These data support the concept that responses obtained under elevated tone conditions are related to the high level of tone rather than the intervention used to increase vascular tone by an active process. These data are similar to the results of other studies in which pulmonary vascular responses were not duTerent when tone was increased by prostaglandin F^, prostaglandin D 2 , serotonin, or angiotensin II. 15 -23 The use of U46619 to raise vascular tone is based on many studies in this laboratory in which U46619 could raise lobar arterial pressure without causing any significant alteration in systemic arterial pressure or heart rate. Moreover, tone could be raised to any desired level and maintained in a stable manner at that level for long periods of time. Furthermore, lobar arterial pressure would return to control values after the U46619 infusion was terminated. Although it is possible that U46619 could produce secondary effects that could complicate interpretation of the data, this possibility seems unlikely since similar response patterns were observed when tone was raised by a variety of agonists and by ventilatory hypoxia.
Although the effects of direct electrical stimulation of the autonomic nerves at the level of the stellate ganglia and the cervical vagus on the pulmonary vascular bed have been documented, less is known about the effects of electrical stimulation of discrete areas in the brain. 1346 There are two studies in the literature documenting the effects of electrical stimulation of integrative areas in the hypothalamus related to the "defense reaction," and the results are not in agreement. 7 -8 In the open-chest cat, hypothalamic stimulation caused small increases in calculated pulmonary vascular resistance. 7 However, in the open-chest dog, hypothalamic stimulation had no effect or decreased calculated pulmonary vascular resistance. 8 In both studies hypothalamic stimulation caused large changes in blood flow; and, in the dog when lobar blood flow was maintained constant, hypothalamic stimulation decreased the compliance of the pulmonary vascular bed. 8 Thus, the role of the hypothalamus in the regulation of vasoconstrictor tone in the pulmonary vascular bed remains to be established.
Moreover, the effects of electrical stimulation of areas or structures within the forebrain on the pulmonary vascular bed have not been documented. The present study, however, is the first report to show that direct electrical stimulation of structures in the forebrain can influence pulmonary vascular tone in the intact-chest cat. Although the pathways involved in the response to forebrain stimulation have not been determined, there are several possibilities. For example, neurons within the DBB have been shown to project to the supraoptic nucleus. 24 -25 However, since the vasopressin blocking agent does not alter the pulmonary vascular response to forebrain stimulation, it is unlikely that the DBB-supraoptic nucleus circuit and vasopressin release contribute significantly to C or Dl. The DBB also contributes descending projections that travel within the medial forebrain bundle into the lateral hypothalamic region and the midbrain tegmentum. 26 -27 However, the role of these neurons in the response to forebrain stimulation is uncertain. It is also possible that forebrain stimulation may activate fibers of passage that originate in the brainstem reticular formation in an anterograde manner since portions of the median forebrain bundle do traverse the DBB. 2 *
In conclusion, results of the present study show for the first time that forebrain stimulation causes an active change in pulmonary vascular resistance. These results suggest the presence of a descending pathway that when stimulated causes vasodilation in the pulmonary vascular bed.
